Examination of processes influencing forage habitat (patch) use is needed to understand factors driving spatial variation in habitat selection (use in relation to availability). I hypothesized that grass abundance was positively associated with use by Roosevelt elk (Cervus elaphus roosevelti) within patches and that elk use of 2 types of patches (clear-cuts and meadows) was supplemental, not complementary. Supplemental use of patches occurs when no single patch provides enough forage (grass in this study) to sustain the population and, hence, grass in one patch substitutes for grass in other patches. Complementary patch use occurs when a resource in one patch is nonsubstitutable with resources in other habitats. Predictions were generated, tested, and upheld for supplemental patch use. Elk use was higher in meadows, which had more grass, than in clear-cuts and elk use of clear-cuts was positively associated with grass biomass. I detected positive relationships among clear-cut size, meadow size, and elk use. Also, elk use of meadows was associated with proximity and size of the next meadow. Spatial variation in patch selection by this population of Roosevelt elk was influenced by grass biomass within patches and attributes among patches. I identified forces influencing patch selection because patch use was supplemental. Consequently, forage attributes within patches were connected to use among patches.
Understanding the processes driving habitat use is fundamental to determining distribution and abundance of animals. Habitat use by mammalian herbivores is often coupled to resources within habitats or resources among habitats, but only recently have correlations of habitat use been examined at both spatial scales (Fortin et al. 2003; Holt et al. 1995; Johnson et al. 2001) . Within habitats, animal use may be influenced by forage type and biomass, and the shelter that the habitat provides from predators, weather, and insects (Klein 2001; Ramp and Coulson 2002) . Among habitats, use may be influenced by patch size and how a habitat supplements or complements the resources present in nearby habitats (Choquenot and Ruscoe 2003; Connor et al. 2000; Coppedge and Shaw 1998; Dunning et al. 1992) . Complementary habitats provide nonsubstitutable resources. For example, if a habitat provides shelter from predators and thermal extremes, then that habitat will be used more frequently when it is in proximity to habitats providing forage. Supplemental habitats offer similar kinds of resources; however, no single habitat patch has sufficient quantities of the resource to sustain a population (Dunning et al. 1992) . Hence, resources in one habitat substitute for resources in another habitat.
Spatial variation in use of habitat in relation to its availability (habitat selection) is a common finding for large mammalian herbivores (Bobek et al. 1984; Cole 1996; Schroer et al. 1993) . A habitat that is used more frequently than its availability in one locality may be avoided in another location. To understand habitat selection of a species at different locations, it may be necessary to treat habitats as dynamic and not isolated (Bowyer et al. 1998; Dennis and Shreeve 2003) . For coarse-grained herbivores, this involves identifying resources used in each habitat, the role of resources in survival and reproduction, abundance of resources within habitats, and whether the resources among habitats are complementary or supplemental (Bowyer et al. 1998; Dunning et al. 1992; Johnson et al. 2002; Mysterud and Ims 1998) .
The extent to which patch use is supplemental or complementary also is helpful in assessing whether resource use is connected at multiple scales (Dunning et al. 1992 ). When forage is substitutable among patches, forage within patches should influence use among patches. Alternatively, when resources are nonsubstitutable, among-patch use may be disconnected to attributes in patches or, at the very least, the connection may be complex (Boyce et al. 2003; Choquenot and Ruscoe 2003; Fortin et al. 2003; Orians and Wittenberger 1991) .
Roosevelt elk (Cervus elaphus roosevelti) that inhabit temperate rainforests are suitable models for examining patch selection of large herbivores at multiple spatial scales. Meadows and clear-cuts (patches) are dispersed in a densely canopied forest of redwood (Sequoia sempervirens) and conifer that provides little forage (Conroy 1987; Franklin et al. 1975; Hanley 1984; Weckerly and Ricca 2000) . Moreover, boundaries between patches and forest are sharp. Meadows contain much grass and forbs and clear-cuts have grass, forbs, and browse (leaves of woody species). Examination of forces influencing patch use need not consider insect harassment, and the mild maritime climate does not force elk to seek habitat to ameliorate climatic extremes (Cook et al. 1998; Franklin and Lieb 1979; Klein 2001 ). On a regional scale, the distribution of elk is discontinuous and associated with archipelagos of meadows (Franklin et al. 1975; Franklin and Lieb 1979; Harper et al. 1967) . Consequently, habitat (forest and patches) available to an elk population can be delineated.
My primary objective was to examine use of meadows and clear-cuts by an elk population in relation to grass biomass and patch attributes. I hypothesized that elk use of patches was positively associated with grass biomass and that elk use of clear-cuts and meadows was supplemental, not complementary. Grass is an important element in the diet of elk. Nutritional studies repeatedly show that elk readily select grass because individuals assimilate high amounts of nutrients relative to foraging time (Baker and Hobbs 1987; Collins and Urness 1983; Hobbs et al. 1981; Wickstrom et al. 1984; Wilmshurst et al. 1996) . I tested predictions considering grass biomass within patches and landscape attributes of meadows, clear-cuts, and both meadows and clear-cuts (Table 1) . Within patches, grass biomass was considered per hectare with meadows providing the most grass. I viewed grass biomass on a per hectare basis because elk foraging bouts typically occur within 1 ha (Weckerly 1998) . The predictions in Table 1 can be summarized as follows. Elk should use meadows more than clear-cuts and use the clear-cuts with more grass. Meadow and clear-cut size should be positively related to elk use because no single patch can sustain a population. Elk use of meadows is coupled to proximity and size of the next meadow because of high biomass of grass in meadows. Proximity and size of both clear-cuts and meadows has an additive, not multiplicative, influence on elk use because patches are used in relation to grass biomass. If forages in clear-cuts and meadows are complementary, then large clear-cuts and meadows in proximity have a synergistic, positive influence on elk use.
My secondary objective was to test if elk use of forests and patches was complementary (Table 1) . Forests provide security from human and natural predators (Bobek et al. 1984; Cole 1996) . Therefore, elk should use areas of forest adjacent to meadows and clear-cuts. Also, meadow shape should be associated with elk use. Assuming that grass is prevalent throughout meadows, meadows that are more convoluted in shape will have forest close by and be used more often by elk (Bobek et al. 1984 (Bobek et al. , 1987 Conroy 1987; Kie et al. 2002) . In clear-cuts this relationship is an unrealistic expectation because grass has a clumped distribution (Binder 1987; Hanley 1984) .
MATERIALS AND METHODS
Study area.-I studied habitat use of Roosevelt elk on 100 km 2 of privately owned industrial forests (418509N, 124829W) in northwestern California. Boundaries of the study area were determined from consultations with California Department of Fish and Game biologists familiar with the spatial distribution of the elk population. The area adjacent to the western boundary of the study area was coastal plain that was intensively used for cattle production and farmed for commercial flowers. Elk were excluded from most of the coastal plain by 2.5-m-high fences. Terrain was rough, ranging from 35 to 545 m in elevation, and was intersected by 6 watersheds. The landscape contained even-aged mosaics of dense 6-to 60-year-old timber stands (about 69% of area), clear-cuts (defined as .90% of overstory removed previous 5 years; about 30%), and meadows (1%). Access to the study site was restricted to loggers and landowners.
Climate was maritime; summers were cool, foggy, and relatively dry and winters were mild and wet (Weckerly and Ricca 2000) . About 150-200 cm of moisture from rain and fog fell each year. Daytime temperatures ranged from 88C to 158C in winter and 108C to 208C in summer. Overstories of forests were dominated by coast redwood, Douglas-fir (Pseudotsuga menziesii), and western hemlock (Tsuga heterophylla). Meadows were completely covered by grasses, contained forbs, and were at least 30 years old. Meadows contained perennial (Lolium) and annual (Festuca) grasses and a variety of forbs (Ranunculus, Trifolium, and Lupinus). Clear-cuts were a mosaic of grasses, forbs, early-successional species such as elderberry (Sambucus callicarpa), tan oak (Lithocarpus densiflora), a variety of blackberry species (Rubus), and redwood and conifer seedlings. Nutritional quality of grass and forbs coincides with annual rainfall patterns and is typically highest for elk from late autumn into spring (Conroy 1987; Gogan and Barrett 1994) . Species of grasses and forbs in clear-cuts and meadows were similar. Elk populations in northern coastal California were nonmigratory (Franklin and Lieb 1979) . Natural predators of elk included bobcat (Lynx rufus), black bear (Ursus americanus), coyote (Canis latrans), and cougar (Felis concolor). A 1-week hunt of elk was open to the public (15 hunters each year) in September. Cattle were present in a portion of 1 watershed (about 10% of study area). During the study, the elk population was probably stationary or growing slowly with approximately 120 females, juveniles, and subadult males (Weckerly and Kovacs 1998; Weckerly and Ricca 2000) . Number of adult males in the population could not be estimated because they were often in small groups that were difficult to find and view (Weckerly and Kovacs 1998) .
Landscape use.-Patch use was examined in the wet season (November-April). Habitat use by elk during this part of the annual cycle usually focuses on resource acquisition rather than seeking mating opportunities and rearing offspring (Bleich et al. 1997; Weckerly 1998 ). The mating season in northern coastal California occurs in September, whereas parturition and rearing of neonates occurs in late spring-early summer. Also, previous studies found little variation in habitat use from November to April in this region (Harper et al. 1967; Weckerly 1998) .
I conducted surveys for signs of elk (hereafter, sign surveys) in 3 consecutive years, 1994 to 1996 -1997 (Weckerly and Ricca 2000 . A sign survey consisted of placing 65-69 circular plots (stations), 1-ha each, uniformly throughout the study area. Five percent of sign stations were in meadows, 32-41% of stations (depending on year) were in clear-cuts, and the remainder were in forest. The stations were surveyed on foot for the presence or absence of recent (0-to 4-day-old) tracks and feces of elk. Straight-line distance between nearest stations averaged 0.8 km (SD ¼ 0.3). Stations were surveyed 12 times each year at weekly or biweekly intervals from November to April.
Data collected from sign surveys were reliable measures of recent distribution. Weckerly and Ricca (2000) found and correctly aged elk sign 95% of the time elk were in stations within the past 4 days. Also, as long as stations were at least 0.5 km apart, sign frequency data were not affected by spatial autocorrelation.
Patch variables were measured from data layers created by using ARC/INFO software (ESRI, Redland, California). Station locations were obtained by using a global positioning system unit (Trimble Navigation, Sunnyvale, California). I used 1:2,000 scale maps with clear-cuts and stations plotted for each year of the study (Weckerly and Ricca 2000) . Station locations at this site also were edited according to known locations to account for error in global positioning system readings. Meadows were plotted by hand onto maps. Meadows and clear-cuts were considered distinct if they were 0.5 km apart, because at that distance influences from spatial autocorrelation were not detected in sign survey data (Weckerly and Ricca 2000) .
I measured distance to meadow, distance to clear-cut, meadow size, clear-cut size, distance to and size of next nearest meadow (hereafter distance to next meadow and size of next meadow), and meadow shape at each sign station. Distances were measured to the nearest 0.1 km and patch sizes were recorded to the nearest hectare. Distance measures were from station center to nearest patch edge. If a sign station was in a patch, its distance measurement for that patch type was recorded as 0. Initially, I measured distance to meadow and distance to next meadow at each station. These variables were highly correlated (r ¼ 0.95, P , 0.0001) because most meadows were in the western portion of the study area. I then calculated intermeadow distance by subtracting distance to next meadow from distance to meadow. This calculation reduced the extent of association because the correlation between distance to meadow and intermeadow distance was weaker (r ¼ 0.10, P ¼ 0.4320). Reducing the correlation between these predictors lessened effects of multicollinearity in regression analyses (Kleinbaum et al. 1998) . I calculated the fractal dimension of meadows (McGarigal and Marks 1995) to obtain a scale-independent measure of meadow shape. Meadow shape ranged from 1 for meadows with simple geometric shapes to 2 for meadows with convoluted meadow shapes.
Each station also was assigned indicator variables to account for higher frequency of sign at stations in year 1 (year-Weckerly and Ricca 2000), the influence of cattle (cattle), and west-east stratification (stratum 1, stratum 2) of the study area (as described below under ''Grass abundance''). The presence of cattle can influence spatial patterns of elk (Johnson et al. 2000; Lyon and Ward 1982; Stewart et al. 2002) . I followed elk sign from areas with cattle until we visually observed elk to assess the spatial extent that elk might be influenced by cattle (n ¼ 15). The straight-line distance traveled during these treks ranged from 0.5 to 3 km. A polygon was drawn around all sign stations in this geographic area and presence of cattle was coded as 1 when stations were in this area and coded 0 otherwise. Three strata (0-2.5 km, 2.51-5.0 km, and 5.1-7.5 km from western boundary of the study area) were created to account for possible changes in grass biomass in clear-cuts. Each station was coded for indicator variables of the stratum that the nearest clear-cut was in.
Sign frequency and elk use.-I estimated the relationship between sign frequency in stations and total number of elk days to assess if sign frequency covaried with elk use. Sign frequency was the number of detections of sign at stations over the 12 surveys in each year. Total elk days were the sum of sizes of elk groups that visited stations each time sign was detected in the stations. If increases in frequencies of sign at stations had a positive, linear relationship with total elk days, then sign frequency data represent per capita elk use over 4 days. Ninety-five percent of all elk signs were detected in a subset of 38 stations (Weckerly and Ricca 2000) . I attempted to enumerate elk groups that inhabited these stations in year 3. In 17 of the 38 stations I counted elk in all groups detected over 11 sign surveys. Elk groups were either detected at stations in the course of sign surveys or I tracked them after I detected their sign at stations. Three of these stations were in meadows, 7 were in forest, and 7 were in clear-cuts.
Grass abundance.-I measured dried biomass of grass (Graminae) in 1-m 2 plots to verify that grass was more abundant in meadows than in clear-cuts. In 2 randomly selected meadows and clear-cuts (2-3 years old), I randomly placed two 40-m transects. Grass in plots was clipped to ground level in 5 plots spaced 10 m apart along transects. Clipped grass was weighed after drying for 1 week on a screen over a 100-W lightbulb. Plots were clipped in September when seasonal grass biomass was lowest (Conroy 1987) . Also, meadows available for random selection were grazed by cattle. Meadows grazed by cattle were chosen so that any differences detected in grass biomass between meadows and clear-cuts would represent a conservative estimate. Variation in biomass of dried grass was analyzed by using a 3-factor, nested analysis of variance (Kleinbaum et al. 1998 ). Transects were nested in patches and patches were nested in forage habitat (meadows, clear-cuts) .
A west-east gradient in grass biomass in clear-cuts was noticed during field observations. Thus, I partitioned clear-cuts into 3 strata: 0-2.5 km, 2.51-5 km, and 5.1-7.5 km from the western boundary of the study area. Although forbs also followed the gradient noted with grass, it is likely that a greater proportion of forbs were unpalatable to elk than were grasses (Harper et al. 1967 ). In each stratum, I randomly selected 3 north-facing and 3 south-facing 2-to 3-year-old clear-cuts. In each of these clear-cuts, a 100 Â 200-m area was randomly located. Fifty 1-m 2 plots were spaced 5 m apart along five 100-m transects in each 100 Â 200-m area. Transects were 20 m apart. Grass cover in plots was my surrogate of grass biomass. As long as grass does not cover the entire plot, cover is an indicator of grass biomass (Conroy 1987) . I measured grass cover in clear-cuts because it was impractical to clip, dry, and weigh grass biomass over such a large spatial scale. Grass cover in plots was measured to midpoints of Daubenmire classes in May of the 3rd year (Daubenmire 1968) . Grass cover was measured in May because grass biomass was highest during this time of the year (Conroy 1987) . Average grass cover in the 50 plots of each 100 Â 200-m area was the data point. I conducted a 2-factor analysis of variance to determine if grass cover differed among strata and slope aspect (north-or south-facing slope). Next, I conducted a linear contrast analysis to ascertain whether grass cover was highest in clear-cuts of the west stratum, intermediate in clear-cuts of the middle stratum, and lowest in clear-cuts of the east stratum (Kleinbaum et al. 1998 ).
I estimated elk use of clear-cuts in the 3 strata from the regression selected in the model selection analysis (see ''Patch use''). To determine if use of strata by elk differed from random chance, I conducted likelihood-ratio tests on the estimated coefficients for strata. I then predicted sign frequency in clear-cuts of each stratum controlling for confounding variables (year, cattle, distance to meadow, meadow size, distance to clear-cut, clear-cut size, intermeadow distance, and size of next meadow) to assess if elk use of clear-cuts was positively correlated with grass cover in clear-cuts (Kleinbaum et al. 1998) .
Patch use.-I used an information-theoretic model selection framework to estimate patch use (Burnham and Anderson 1998) . Models were built and compared with the following considerations. Meadows possess the highest abundance of grass but area of clear-cuts was much higher than area of meadows. To include the spatial arrangement of patches in this landscape, I 1st considered models that had predictors of meadow, then models that had meadow and clear-cut predictors, and lastly models with predictors of meadow, clear-cut, and next meadow. Models were built in 6 stages ( Table 2) . At each stage, model predictors were preceded by predictors selected in previous stages. Every model had predictors to account for variation due to year and cattle preceding all other predictors. Akaike information criterion (AIC c ) and Akaike weights were calculated and compared for each model in each stage. AIC c estimated fit of model to data considering the number of parameters estimated and Akaike weights assessed whether the model with the smallest AIC c was clearly the better model (Burnham and Anderson 1998) . At each stage, I followed the principle of parsimony when no model had an Akaike weight that was clearly larger. To assess if the model selected at a higher stage fit the data better than the model selected at the preceding stage, I compared Akaike weights for those 2 models alone. I estimated model parameters using Poisson regression because the response variable was a frequency (Kleinbaum et al. 1998) . Partial coefficients of a Poisson regression take the formŶ
and also reflect use in relation to availability of habitat attributes because sign stations were systematically spaced throughout the study area (Manley et al. 1993) . Consequently, habitat selection also was estimated. Poisson regression analyses were conducted in S-PLUS (S-PLUS 1999). I examined fit of models to data in 3 other ways. For each model, the ratio of residual deviance to residual degrees of freedom (or c value) was calculated (Kleinbaum et al. 1998) . A c-value near 1 indicates fit of model to data (Burnham and Anderson 1998; Kleinbaum et al. 1998 ). I also examined partial residual plots of each predictor in the final model selected (Ramsey and Schafer 2002) . Partial residual plots allowed a visual assessment of the influence and fit of each predictor with the response variable. The only instance for which partial residual plots could not be constructed was when predictors estimated interactions (S-PLUS 1999). Additionally, extent of change in deviance for each predictor in the model selected was evaluated with a likelihood-ratio test (Kleinbaum et al. 1998 ).
RESULTS
The study area included 10 meadows and depending on the year, 13-18 clear-cuts. The average meadow size was 7 ha and ranged from 2 to 44 ha. Meadow shape averaged 1.24 and ranged from 1.12 to 1.34. Clear-cut size averaged 191 ha in year 1, 119 ha in year 2, and 113 ha in year 3. The smallest clear-cut size was 2 ha and the largest was 412 ha. 20) . Moreover, the variation in grass biomass between meadows and clear-cuts was greater (percent of total variance ¼ 71) than variation in grass biomass between patches (4%), between transects (1%), or within transects (24%). Considering the extent of differences in September, it is likely that grass was considerably more abundant in meadows than in clear-cuts throughout the study period.
Clear-cuts differed in cover of grass among strata (F ¼ 9.8, d.f. ¼ 2, 12, P ¼ 0.003). The effect of slope aspect on grass cover appeared small because the main effect (F ¼ 0.7, d.f. ¼ 1, 12, P ¼ 0.434) and interaction (slope aspect Â stratum) were nonsignificant (F ¼ 2.9, d.f. ¼ 2, 12, P ¼ 0.091). Cover of grass in clear-cuts followed a linear trend among strata (t ¼ 4.4, d.f. ¼ 12, P , 0.001). Grass cover on clear-cuts in the west stratum was highest ( " X ¼ 41.15, SE ¼ 3.2, n ¼ 6), intermediate on clear-cuts in the middle stratum ( " X ¼ 30.4, SE ¼ 7.2, n ¼ 6), and lowest on clear-cuts in the east stratum ( " X ¼ 13.1, SE ¼ 3.9, n ¼ 6). When using the model selected to fit the data (see ''Patch use''), the 2 terms for strata (stratum 1, stratum 2) were significant (v 2 ¼ 13.6, d.f. ¼ 2, P ¼ 0.001) and positive, indicating that clear-cuts in the western part of the study area were used more often than the eastern clear-cuts. Accounting for influences of all other predictors, the predicted sign frequency in clear-cuts was high in the western stratum (Ŷ ¼ 2.0, or 2/12, number of annual sign surveys ¼ 0.17), intermediate in middle stratum (Ŷ ¼ 1.2, 0.10) and low in eastern stratum (Ŷ ¼ 0.4, 0.03). Elk use was highest in clear-cuts in the western stratum, where clear-cuts had high grass cover, and lowest in clear-cuts in the eastern stratum, where grass cover was less.
Patch use.-The model estimating an interaction between distance to meadow and meadow size clearly fit the data better at stage 1 (Table 3) . At stage 2, meadow shape did not substantially improve the fit of the model, and meadow shape was not included in models in subsequent stages (Table 3) . None of the competing models that estimated possible relationships of distance to clear-cut and sign frequency fit the data better. Therefore, I selected the simple linear relationship to estimate distance to clear-cut and sign frequency. The AIC c of the model in stage 4, which had meadow and clear-cut predictors, had a substantially smaller AIC c than the model selected at stage 2, which only had predictors for nearest meadow. At stage 5, the model with predictors of intermeadow distance and size of next meadow clearly fit the data better than the model with intermeadow distance only. Moreover, the c value of that model was the closest to 1 (1.11). The model selected at stage 5 was not improved by including interactions   FIG. 1. -Scatter plot and ordinary least-squares regression of frequency of elk sign in 1-ha stations and total elk days. Elk sign is 0-to 4-day-old tracks and feces and total elk days is the sum of elk group sizes that visited stations each time sign is detected in stations. Open diamonds are sign stations in clear-cuts and meadows and closed diamonds are sign stations in forests. Table 4 . Examination of other diagnostics of the model indicated that each predictor in the equation accounted for variation in sign frequency. According to likelihood-ratio tests, each predictor accounted for a substantial drop in deviance (Table 4 ). Distance to meadow had the greatest drop in deviance because it accounted for more than one-half the drop in deviance of the equation. Partial residual plots showed that relationships of each patch predictor with sign frequency captured relationships with elk use (Fig. 2) . The estimated fit of each predictor with sign frequency passed through the center of scatter across the range of values for most predictors. The exceptions were overestimates of predicted sign frequency (points below lines) when sign stations were farther than 5 and 1.25 km from meadows and clear-cuts, respectively.
A summary of the relationships captured in the model was as follows (Table 4 ). Distance to meadow had an inverse relationship with sign frequency. However, the interaction between distance to meadow and meadow size meant that the steepness of the inverse relationship increased with meadow size. Distance to clear-cuts also was inversely related to sign frequency. Both meadow size and clear-cut size had positive relationships with sign frequency; however, the estimated slope for meadow size was more than an order of magnitude larger than the estimated slope for clear-cut size. Intermeadow distance was inversely related to sign frequency and size of next meadow was positively related to sign frequency.
To estimate elk use of meadows and clear-cuts across a variety of common patch sizes (2, 7, and 44 ha), I calculated meadow and clear-cut use by controlling for the confounding influences of remaining predictors (Fig. 3) . At the smallest patch size, predicted sign frequency in meadows was roughly twice as high as in clear-cuts. However, the overlap in confidence intervals for these estimates was considerable. The disparity in use of meadows and clear-cuts was more evident as patch size increased. In 44-ha patches, use of meadows was about 16 times higher than in clear-cuts, with no overlap in confidence intervals. 
DISCUSSION
Explaining patch use by elk requires examination within and among patches. Within patches, elk use was positively influenced by grass biomass. Meadows were used substantially more often by elk than clear-cuts, particularly at larger patch sizes. Also, clear-cuts with more grass were used more often. Among patches, patch sizes and elk use exhibited a positive relationship; meadow use was positively influenced by proximity and size of next meadow. Moreover, proximity of meadows and clear-cuts had an additive influence on elk use. The grass in one patch was substitutable with grass in other patches regardless of patch type. The results indicate that elk use of meadows and clear-cuts was supplemental rather than complementary.
Forest habitat was complementary to meadows and clearcuts. Elk frequented forests that were closer to patches, presumably because forage was closer to the security provided by forest from predators (Choquenot and Ruscoe 2003; Dunning et al. 1992) . What is intriguing is the form of the relationships between elk use and distance from meadows, distance from clear-cuts, and meadow size. Elk use declined precipitously as distance away from clear-cuts increased. For meadows, the rate of decline depended on meadow size. For small meadows the rate of decline was shallow compared to large meadows. As distance away from larger meadows increased, the rate of decline was comparable to that of clearcuts (e.g., coefficient distance to clear-cut ¼ À1.27, distance coefficient for 34-ha meadow ¼ À1.29[À0.34 þ (34 Â À0.028)]; Table 4 ). The sharp decline in elk use in forests farther from clear-cuts may be due to the lower use of clearcuts. Why elk use declines rapidly at greater distances from large meadows is not intuitively evident. Smaller meadows were, on average, closer to the next meadow than were larger meadows (2-to 10-ha meadows, mean intermeadow distance ¼ 0.82 km; 16-to 44-ha meadows, mean ¼ 1.56 km). Consequently, there may have been increased traffic of elk in the proximity of smaller meadows.
Contrary to expectations about complementation between forest and meadows, meadow shape was not correlated with elk use. Convoluted meadows, controlling for size, have forest closer than meadows with simpler geometric shapes (McGarigal and Marks 1995) . Hence, elk should have used meadows with more convoluted shapes because of proximity of forest security (Bobek et al. 1984 (Bobek et al. , 1987 . In predator-rich Yellowstone National Park, weak relationships between proximity of obstructing cover and elk use have been reported (Childress and Lung 2003; Pearson et al. 1995) . Elk and other ungulates can adjust group size, vigilance, and use of open habitat to both increase detection of predators and dilute chances of being selected by predators (Ager et al. 2003; Brashares and Arcese 2002; Childress and Lung 2003; Heard 1992; Hebblewhite and Pletscher 2002; Johnson et al. 2002; McCullough 1969) .
Grass is widely reported to influence elk foraging, animal performance, and habitat associations (Hobbs et al. 1996; Johnson et al. 2000; Mysterud et al. 2002; Stewart et al. 2002; Wickstrom et al. 1984; Wilmshurst et al. 1996) . Hence, it is not surprising that grass biomass influenced the extent that clearcuts and meadows were used by the elk population. Typically, however, investigators tend to emphasize benefits to elk from nutritional quality of grass more than grass biomass. I examined patch use during the time of the year when grass was growing and nutritious. Consequently, with more grass biomass, there is more grass growth and high-quality grass (Conroy 1987; Gogan and Barrett 1994) .
Predictions about use within and among patches based solely on grass biomass were upheld, although elk can consume a diversity of plant species and plant parts (Jenkins and Starkey 1991) . Because of the diversity of elk diets, however, it is also possible that grass biomass reflects forage other than grass. In clear-cuts in particular, browse can comprise a substantial part of the diet of Roosevelt elk in winter (Binder 1987; Hanley 1984; Jenkins and Starkey 1991; Leslie et al. 1987) . It is unlikely that browse is complementary to grass. I would expect an inverse relationship between clear-cut size and elk use if browse and grass were nonsubstitutable because biomass of browse in clear-cuts is probably much less than that of grass in meadows. It is more likely that browse and grass are substitutable to elk. Browse intake by ruminants offsets nutrient deficits that periodically occur in grass forage (Baker and Hobbs 1987; Hobbs et al. 1981; Weckerly and Kennedy 1992) .
Two features about the behavioral ecology of elk may have influenced the patterns I detected. First, ruminants that are sexually dimorphic in body size commonly segregate across space according to sex (Main et al. 1996) . In this study I was unable to distinguish patch use by males and females. The inability to estimate intersexual patch use may help explain the scatter about the relationships evident in the partial residual plots. Second, larger groups of elk may have concentrated in larger meadows (Childress and Lung 2003) . The linear relationship I detected between sign frequency and elk days indicates that this was not a concern. However, I only collected data on elk days in a subset of sign stations and I did not sample all parts of each meadow. If more elk were indeed using larger meadows more often then I report, my estimates of use of larger meadows are biased low. Nonetheless, this possibility adds further support to supplemental patch use by elk.
It is becoming more evident that patch use of ruminants is connected by forage opportunities within and among patches Kie et al. 2002; Mysterud et al. 2002; Ward and Saltz 1994) . This study illuminates how grass biomass and type, size, and location of patches influence elk foraging at larger spatial scales. Elk display a high rate of increase in use as meadow size increases, presumably due to more grass. Consequently, elk have much to gain by an awareness not only of the meadow in which they are foraging but also of its proximity to and size of the next meadow. Clearcuts are the most prevalent foraging habitat in this landscape; however, grass is not prevalent in them. Because of low biomass of forage, the rate of increase between clear-cut size and elk use is much less than for meadow size or size of the next meadow and elk use. The shallow coefficient for clear-cut size (Table 4) indicates that estimating the influence of the proximity and size of the next clear-cut would have no influence on elk use. Mammalian herbivores have more to gain from awareness of the distribution of the next high-quality patch than the next lower-quality patch (Ramp and Coulson 2002) .
Habitat selection of ruminants varies over space and also time (Demarais and Krausman 2000) . I have shown that it is possible to evaluate factors influencing spatial variation in forage habitat selection when food resources are substitutable and plant communities in the landscape can be typed as forage and nonforage habitat for the herbivore (Brooks 2003; Dunning et al. 1992) .
